Risk factors for damage of the medial meniscus in 160 cranial cruciate deficient stifles in 138 dogs have been evaluated. The medial meniscal damage was found in a total of 72 patients (45%) with CCL rupture. The risk of damage to the meniscus was significantly higher in dogs of 25-45 kg compared to those weighing less than 24 kg. Cases of more severe grades of arthritis and joint effusion were significantly more often accompanied by the medial meniscal damage. Severe osteoarthritis of grade 3, as compared to the grade 1, was considerably frequently (p < 0.01) associated with the medial meniscal lesion. The meniscal damage was most commonly accompanied by moderately severe stifle joint effusion. The medial joint cavity collapse was a very important radiographic sign expressing the medial meniscal damage (p < 0.01). Its sensitivity and specifity in the diagnostics of the medial meniscal damage is 52% and 71%, respectively. Duration of lameness, extent of the CCL rupture (partial versus total) and radiographically measured index of the stifle joint laxity do not belong to statistically significant risk factors of the medial meniscal damage.
In contrast to the situation in humans, primary damage of menisci in dogs is rare, meniscal injury secondary to cruciate or collateral ligament ruptures, however, is common (Piermattei and Flo 1997) . Reports of lateral meniscal injury are sporadic (H o h n and Newton 1975) . Most frequently, the medial meniscus is involved due to cranial cruciate ligament (CCL) rupture (Pearson 1971; Piermattei and Flo 1997; Scavelli et al. 1990 ). Breed, age, sex and body weight as risk factors for the rupture of the cranial cruciate ligament in dogs have been determined (Duval et al. 1999; Neãas et al. 2000; Wh itehair et al. 1993) . To our knowledge the risk factors have not yet been evaluated for injury of the medial meniscus. Meniscal damage may be acute or degenerative and usually involves the caudal and medial portions of the medial meniscus (Arnoczky 1993; Pearson 1971) . The medial meniscus is damaged as a result of the cranial tibial drawer motion in the unstable cruciate-deficient knee, because it is firmly attached to the tibia by the caudal tibial ligament and to the medial collateral ligament. Cranial drawer movement displaces the caudal horn of the medial meniscus cranially to the medial femoral condyle and subjects the meniscus to injury during weight bearing. The cranial drawer motion in the extended knee is much more injurious to the medial meniscus than it is in flexion (Stone et al. 1980) .
The incidence of meniscal injuries following rupture of the cranial cruciate ligament can be as high as 53% (Flo and De Young 1978) , 61% (Scavelli et al. 1990) , and greater than 76%, respectively (Flo 1993; Timmermann et al. 1998) . Piermattei and Flo (1997) found that this incidence reflects a predominance of chronic cases of CCL rupture seen in a referral practice.
The definitive diagnosis of the meniscal injury is made by observing the abnormally displaced meniscus or portion of it by arthrotomy or arthroscopy. Radiography has not been a reliable diagnostic method for this condition (Piermattei and Flo 1997) . Early surgical intervention (arthrotomy or arthroscopically assisted surgery) and removal of the damaged portion of the meniscus is indicated in patients with meniscal injury in the cranial cruciatedeficient stifle to prevent severe degenerative joint disease Hulse 2001; Hulse and Beale 2000; . Piermattei and Flo (1997) state, that early surgical treatment of the cruciate-deficient stifle results in a much lower incidence of meniscal injury. Stifle joint instability as a result of ligamentous insufficiency leads to degenerative lesions of the menisci, even when there is no primary meniscal injury (Arnoczky et al. 1979) . On the other hand, it has been published that removal of a normal medial meniscus in otherwise intact stifles creates some degenerative changes in the joint (Cox et al. 1975; D e Young et al. 1980 ). These findings suggest that different factors may predispose to the meniscal damage. Risk factors of meniscal injury are not completely documented in the veterinary literature. The goal of this study was to determine factors related to the risk of medial meniscus injury in unstable stifle joints due to cranial cruciate ligament rupture in dogs.
Materials and Methods
A total number of 160 stifle joints affected by the cranial cruciate ligament rupture in 138 dogs were treated surgically at the Department of Surgery and Orthopedics (Small Animal Clinic, University of Veterinary and Pharmaceutical Sciences Brno) during the period from March 1998 to August 2001. The diagnosis of the cranial cruciate ligament rupture was determined by arthrotomy or arthroscopy. During the surgery, the degree of the cranial cruciate ligament damage (partial or total rupture) and damage to the medial meniscus (damaged or intact) were determined. The signalment and history included age of the dog (≤3 years, 4-6 years, ≥7 years), body weight of the patient (<10 kg, 10-24 kg, 25-45 kg, >45 kg), sex (male or female), side of the damage (right or left) and duration of lameness (≤1 week, 2-4 weeks, 5-12 weeks and ≥13 weeks). Orthopaedic examination included determination of the grade of lameness based on the following five-level scale (0 to 5) used in our clinic to classify lame patients (Neãas et al. in print) : 0: normal weight-bearing on all limbs at rest and when walking -i.e., "no lameness" 1: partial weight bearing at rest (it does not stand on the main footpad, but stands on the digital pads), normal when walking, lameness at trot -i.e., mild lameness" 2: partial weight bearing at rest and when walking -i.e., "moderate lameness" 3: partial weight bearing at rest and no weight bearing when walking -i.e., moderately severe lameness" 4: no weight bearing at rest and when walking -i.e., "severe lameness" 5: reluctant to rise and will not walk more than 5 strides -i.e., "very severe lameness" Two mediolateral projections of the stifle joint using the technique by D e Rooster et al. (1998) and a standard caudocranial projection of the stifle joint (Morgan 1993) were made. The stifle joint in the mediolateral projection was radiographed in its neutral position (90° flexion in the stifle approximately). For the purpose of the study, the stifle joint was radiographed in a second projection, i.e., in maximum flexion of the tarsal joint (stress tibial compression projection). All radiographs were taken in patients in a deep sedation using a combination of medetomidine (10-20 µg/kg i.v.) and butorphanol (0.2 mg/kg i.v.) or overall inhalation anaesthesia. Patients for the stress projection were positioned by one radiologist (Zatloukal) . Radiographs were taken by a technique of low voltage (45-60kV), table top, without the grid, using cassettes of fortifying foils with the intensifying factor of 100 to obtain high-detail resolution, focal distance of standard 75 cm. The mediolateral neutral projection served the purpose of determining the degree of osteoarthritis (OA), effusion and calcification of the cranial cruciate ligament. The degree of osteoarthritis was evaluated using the criteria by Brunnberg et al. (1992) classifying the overall osteoarthritis as of grade O ( no OA changes), grade 1 (mild OA, osteophytes in the distal patella, sclerosis and osteophytes of the trochlear ridge), grade 2 (moderate OA, osteophytes in the distal and proximal patella, sclerosis and osteophytes of the trochlear ridge, osteophytes in the area of fabellae and sclerosis of the tibial plateau), grade 3 (severe OA, the same signs as in grade 2, but of greater extent plus osteophytes in the caudal tibial plateau and sulcus of m. extensor digitorum longus). The degree of joint effusion was determined on the basis of evaluation of the caudal joint capsule distension and the distance the subpatellar fat is pushed away from femoral condyles by the joint fluid. The joint effusion was then classified as of grade 0 (without effusion), grade 1 (mild effusion), grade 2 (moderate effusion) or grade 3 (severe effusion). This evaluation was considerably subjective, without strict criteria. Regarding the fact that all radiographs were evaluated by one radiologist (Zatloukal), we can consider even these subjective criteria to be uniform and sufficient for our study. Comparing the neutral mediolateral and stress tibial compression projections we determined the index of laxity of the stifle joint using the technique by Zatloukal et al. (2000) . Stifle joints were classified into three groups (<25, 25-50, >50) using the index of laxity. On the caudocranial projection we evaluated collapse of the medial joint cavity as compared to the lateral joint space (collapse, no collapse). These radiographs were evaluated by the radiologist irrespective of the history and clinical examination and recorded prior to surgery.
For each of the possible risk factors we compared individual groups with each other using the χ 2 -test with regards to the occurrence of medial meniscal damage. In cases where we compared three and more groups, the basic group was the one with the highest number of joints examined to which all other groups were compared. The difference between groups was considered as significant at the level of p < 0.05. Odds ratio indicates the probability of meniscal injury in comparison to the control group (the one being most numerous). Values over 1.0 indicate higher risk, whereas values lower than 1.0 mean lower risk.
Results
Out of the total of 160 stifle joints with the CCL rupture treated, in all, 72 (45%) cases were accompanied by damage to the medial meniscus.
Age, sex and side of the lesion in the patient did not influence the rate of risk of the medial meniscus damage in our study.
As the body weight of the patients grew, the risk of medial meniscal damage increased. Compared to the group of dogs of 25-45kg of body weight, there was a significantly lower risk in the group of dogs weighing <10 kg and 10-24 kg (p < 0.05).
As the duration of lameness grew, the risk of medial meniscal damage also increased, the fact, however, being not so important as to determine the duration of lameness as an important risk factor.
Even when there was a significantly lower frequency of medial meniscal damage in one grade of lameness (i.e., grade 3) compared to the most common grade of lameness (grade 2), it was not possible to uncover a general relation between the grade of lameness and medial meniscal damage. We had to exclude some cases both from the data on the duration of lameness and the grade of lameness mostly because of bilateral affections influencing the evaluation in a negative way.
The grade of OA was not accompanied by a significant rise in the risk of medial meniscal damage except for the severe osteoarthritis (grade 3) which was considerably more frequently (p < 0.01) in relation with medial meniscal damage than the mild OA grade 1.
Stifle joints without effusion or only with a mild effusion were not so often accompanied by the medial meniscal damage as the most frequently occurring moderate effusion cases (p < 0.05).
The medial joint cavity collapse was found to be a very important radiographic sign expressing the higher risk of medial meniscal damage (p < 0.01). As far as the diagnostics of medial meniscal damage is concerned, this radiographic sign was 52% sensitive and 71% specific. The degree of the stifle joint laxity measured by the index of laxity was not found to be related to the risk of medial meniscal damage. Stress projections were not obtained during the first half of the study period. In cases in which radiographs were not taken in our clinic, the other radiographic criteria were not evaluated, as well. When the radiographic examination was preceded by intraarticular administration or puncture of the joint to collect the synovial fluid, the grade of effusion was not evaluated.
Even when we found nearly twice as more frequent occurrence of medial meniscal damage in stifle joints affected by the total CCL rupture as compared to the partial rupture, the difference was not statistically significant. Table 1 summarises all the data.
Discussion
The study confirmed that dogs weighing 24 kg and less have significantly lower risk of medial meniscal damage than those ones weighing 25 to 45 kg. We, therefore, conclude that the meniscal damage is considerably dependent on the body weight which the dog loads the meniscus in the unstable stifle joint. This finding is probably in accordance with the less frequent (even when not significant) meniscal damage in dogs of 7 years and older. It is known that the CCL rupture in small and medium dog breeds occurs mainly in older individuals (Duval et al. 1999; Neãas et al. 2000; Whitehair et al. 1993) .
It is generally stated that in longer lasting lameness the frequency of meniscal injury goes up to 80% of all the CCL rupture cases (Flo 1993; Gambardella et al. 1981; Timmermann et al. 1998; ) . In our study we found some rise in the risk of meniscal damage in dogs that were lame for a longer period, this rise, however, was not statistically significant and amounted to much lower levels than in the papers mentioned.
Contrary to our results, Piermattei and Flo (1997) state that patients with meniscal damage show more pronounced lameness. This controversy may be caused by differences in the classification scale of lameness used. In our clinical practice and for the purpose of this study we used a 5-grade scale of lameness classification which gives emphasis on severe cases of lameness (Neãas et al. in print) . It would certainly be interesting to compare this finding with those of others which classify the medium lameness cases in greater detail (Sumner-Smith 1993) .
Stifles affected by the partial CCL rupture are less frequently affected by meniscal damage than joints with the total rupture. Scavelli et al. (1990) mention 20% occurrence of meniscal lesions accompanying partial CCL rupture, whereas the frequency of meniscal damage in stifles affected by total CCL rupture varies from 53 to 76% of cases (Flo 1993; Flo and De Young 1978) . In our study, it must be admitted, we found the risk of meniscal damage in stifles affected by the partial CCL rupture to be half of that in stifles with the total rupture, it is not, however, a statistically significant risk factor. We also did not prove a rise in the risk of medial meniscal damage in relation to the growing joint laxity (measured by radiography in our study). It is in accordance with other papers (D e Rooster et al. 1998; Zatloukal et al. 2000) which did not prove a difference in the instability of the joint with medial meniscal damage and intact ones. On the basis of our study (and some others) it seems that the grade of joint instability is not a decisive factor for the meniscal damage. We proved significantly that the higher frequency of medial meniscal damage is in relation with more severe grade of arthritis and effusion. It is still a question whether the medial meniscal lesion is the cause of more severe arthritis or rather a sequel of it. The hypothesis, that the medial meniscal damage due to joint instability in the stifle with the CCL rupture is the cause of development of more severe arthritis, can be supported by our results concerning more frequent higher grades of arthritis and effusion in heavier dogs. This fact may be explained by the supposition of stronger forces of load on a relatively fixed medial meniscus in heavier and more robust breeds of dogs bearing weight on the unstable stifle joint affected by the CCL lesion. Several authors point out the fact that more severe arthritis develops in the stifle due to the meniscal lesion. It was proved that partial and total meniscectomy lead to the development of microscopic and macroscopic degenerative lesions of the joint cartilage both in the femur and tibia (Arnoczky 1993; Cox et al. 1975) . The study by Cox et al. (1975) indicates that the extent of degenerative changes of the joint cartilage may be in direct relation to the size of the meniscus excised. On the other hand, the possibility of pathological lesion development in the meniscus due to the instability of the joint affected by arthritis cannot be excluded. The sliding movement of the medial femoral condyle over the medial meniscus and the pressure against the tibial plateau in the unstable stifle joint result in a non-physiological load and subsequent degeneration of the fibrous meniscal cartilage. It was described that damage to the ligament and subsequent instability of the stifle lead to the development of changes in the meniscus in a form of horizontal cleavage degenerative lesions even without primary injury (Arnoczky 1993; Arnoczky et al. 1979) . These minute cleavage lesions in the meniscus may change into macroscopically visible ones (Noble and Hamblen 1975) .
Collapse of the joint cavity is one of the main radiographic signs of osteoarthritis. Its evaluation should be done using radiographs of the stifle in caudocranial or craniocaudal projections. Prior to the development of very severe changes, the evaluation is possible only in weight bearing or simulated weight bearing studies (Morgan 1988) . In our study, only subjective comparisons of differences, such as a clearly visible narrowing of the medial joint cavity in comparison to the lateral one, were made. The standard non-weight bearing projection was satisfactory for this purpose. We proved that the medial joint cavity, as compared to the lateral one, is significantly more frequently (p < 0.01) narrower in stifle joints affected by medial meniscal damage. There may be several causative factors of this collapse of the medial joint cavity. The first of them is positioning of the limb and taking really a precise projection. It seems, however, less probable that positioning of patients could differ so markedly in those ones affected by the medial meniscal damage as compared to the intact ones. This narrowing of the medial joint cavity has to be caused either by thinning of the joint cartilage of the medial femoral condyle and the medial part of the tibial plateau neighbouring with the meniscus damaged or directly by damage to the meniscus which becomes crashed and destructed or displaced. In the human medical papers there prevails the opinion that the initial narrowing of the medial joint cavity is rather a sequel to meniscal lesions than thinning of the cartilage (Adams et al. 1999) . Although the collapse of the medial joint cavity is the only really important criterion for the diagnosis of the medial meniscal damage in the dog, clinical practice use is hampered by low specifity (71%) and, especially, low sensitivity (52%) ( Table 1) .
Rizikové faktory pro po‰kození mediálního menisku u psÛ s rupturou pfiedního zkfiíÏeného vazu
Rizikové faktory poranûní mediálního menisku byly stanoveny ve 160 pfiípadech ruptury pfiedního zkfiíÏeného vazu u 138 psÛ. Po‰kození mediálního menisku bylo zji‰tûno v 72 pfiípadech (45%) ruptur CCL.
U psÛ s hmotností 25-45 kg bylo riziko poranûní menisku signifikantnû vy‰‰í neÏ u psÛ váÏících ménû neÏ 24 kg. Se zvy‰ujícím se stupnûm artrózy a efuze docházelo ke statisticky v˘znamnému zv˘‰ení ãetnosti po‰kození mediálního menisku. TûÏká osteoartritida (stupeÀ 3) byla s lézí mediálního menisku spojena v˘raznû ãastûji (p < 0,01) neÏ mírn˘ první stupeÀ osteoartritidy. Poranûní menisku doprovázela nejãastûji stfiednû v˘razná efuze kolenního kloubu. Kolaps mediální kloubní ‰tûrbiny byl velmi v˘znamn˘m rentgenologick˘m pfiíznakem po‰kození mediálního menisku (p < 0,01). V diagnostice poranûní menisku by jeho senzitivita byla 52% a specifita 71%. Doba a stupeÀ kulhání, rozsah ruptury CCL (parciální vs. totální) a rentgenologicky mûfiená laxita kolenního kloubu nepatfií mezi statisticky v˘znamné rizikové faktory poranûní menisku.
